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Aloha Chair and Maui County Council,

Mahalo Nui Loa for inviting us to provide testimony before your committee. It was an honor and privilege.

We are submitting the attached studies to you, as requested by the Infrastructure and Environmental Management
committee after our presentations on Oxybenzone and Octinoxate’s effects on marine life and human health. After
reviewing the attached studies, we are confident that you will all feel comfortable with your vote to support the legislation
to ban the sale of SPF Sunscreen products containing Oxybenzone and/or Octinoxate.

Mahalo,
Craig Downs — Executive Director — Haereticus Environmental Laboratory

Joe DiNardo — Retired Personal Care Industry Toxicologist & Formulator

Notes:
- Because of the size of the files there will be several Emails sent per topic; all will be numbered appropriately.

- The first Email on the topic will contain the main article (Dermatology Paper — Oxybenzone Review, Oxybenzone HEL
Monograph or Octinoxate HEL Monograph) and the references used to support the main article will be included.

- Chemical names used in the attached research papers may vary — please feel free to ask us to clarify any concerns you
may have associated with terminology:

1) Oxybenzone = Benzophenone-3 (BP-3) and metabolites maybe noted as Benzophenone-1 and 4-
Methylbenzophenone

2) Octinoxate = Ethyihexyl Methoxycinnamate (EHMC) = Octyl Methoxycinnamate (OMC)
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Abstract Benzophenone-3 (BP-3; oxybenzone) is an
ingredient in sunscreen lotions and personal-care products
that protects against the damaging effects of ultraviolet
light. Oxybenzone is an emerging contaminant of concern
in marine environments—produced by swimmers and
municipal, residential, and boat/ship wastewater dis-
charges. We examined the effects of oxybenzone on the
larval form (planula) of the coral Stylophora pistillata, as
well as its toxicity in vitro to coral cells from this and six
other coral species. Oxybenzone is a photo-toxicant;
adverse effects are exacerbated in the light. Whether in
darkness or light, oxybenzone transformed planulae from a
motile state to a deformed, sessile condition. Planulae

Electronic supplementary material The online version of this
article (doi: 10.1007/s00244-015-0227-7) contains supplementary
material, which is available to authorized users.

<0 C. A. Downs
cadowns@haereticus-lab.org

Haereticus Environmental Laboratory, P.O. Box 92, Clifford,
VA 24533, USA

[5]

Department of Zoology, George S. Wise Faculty of Life
Sciences, Tel Aviv University, 69978 Tel Aviv, Isracl

Avram and Stella Goldstein-Goren Department of
Biotechnology Engineering and the National Institute for
Biotechnology in the Negev, Ben-Gurion University of the
Negev, 84105 Beer Sheva, Israel

Department of Biology, University of Central Florida, 4000
Central Florida Boulevard, Orlando, FL. 32816-2368, USA

Pacific Biosciences Research Center, University of Hawaii,
Honolulu, HI 96822, USA

Department of Life Sciences, Ben-Gurion University of the
Negev, Beer Sheva 84105, Israel

Published online: 20 October 2015

exhibited an increasing rate of coral bleaching in response
to increasing concentrations of oxybenzone. Oxybenzone is
a genotoxicant to corals, exhibiting a positive relationship
between DNA-AP lesions and increasing oxybenzone
concentrations. Oxybenzone is a skeletal endocrine dis-
ruptor; it induced ossification of the planula, encasing the
entire planula in its own skeleton. The LCsy of planulae
exposed to oxybenzone in the light for an 8- and 24-h
exposure was 3.1 mg/L and 139 pg/L, respectively. The
LCsps for oxybenzone in darkness for the same time points
were 16.8 mg/LL and 779 pg/L. Deformity ECyo levels
(24 h) of planulae exposed to oxybenzone were 6.5 pg/L in
the light and 10 pg/L in darkness. Coral cell LCsgs (4 h, in
the light) for 7 different coral species ranges from 8 to
340 pg/L, whereas LCsos (4 h, in the light) for the same
species ranges from 0.062 to 8 pg/L. Coral reef
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contamination of oxybenzone in the U.S. Virgin Islands
ranged from 75 pg/L to 1.4 mg/L, whereas Hawaiian sites
were contaminated between 0.8 and 19.2 pg/L.. Oxyben-
zone poses a hazard to coral reef conservation and threat-
ens the resiliency of coral reefs to climate change.

Oxybenzone (BP-3; benzophenone-3; 2-hydroxy-4-
methoxphenyl phenylmethanone; CAS No. 131-57-7) often
is used as an active ingredient in sunscreen lotions and
personal-care products, such as body fragrances, hair-sty-
ling products, shampoos and conditioners, anti-aging
creams, lip balms, mascaras, insect repellants, as well as
dishwasher soaps, dish soaps, hand soaps, and bath oils/
salts (CIR 2005; http://www.goodguide.com/ingredients/
184390-oxybenzone). BP-3 and other benzophenone
derivatives often are found as contaminants in boating,
residential, and municipal wastewater effluents and are
considered ‘“emerging environmental contaminants of
concern” by the U.S. Environmental Protection Agency
(Eichenseher 2006; Richardson 2006, 2007; Blitz and
Norton 2008; Gago-Ferrero et al. 2011; Kameda et al.
2011; Rodil et al. 2012; Aquero et al. 2013).

Between 6000 and 14,000 tons of sunscreen lotion, many of
which contain between 1 and 10 % BP-3, are estimated to be
released into coral reef areas each year, putting at least 10 % of
the global reefs atrisk of exposure, and approximately 40 % of
coral reefs located along coastal areas at risk of exposure
(Shaath and Shaath 2005; UNWTO 2007; Danovaro et al.
2008; Wilkinson 2008). In Okinawa, BP-3 levels on coral
reefs that were 300-600 m away from public swimming
beaches ranged from 0.4 to 3.8 pptrillion (Tashiro and
Kameda 2013); in South America, sediments near coral
communities/reefs contained BP-3 concentrations between 54
and 578 pptrillion (Baron et al. 2013). Schlenk et al. (2005)
discovered through a Toxicity Identification Evaluation that
BP-3 was unequivocally identified as the source of estrogenic
activity in marine sediments near wastewater outlalls.
Although the half-life in seawater is several months, BP-3 can
act as a pseudo-persistent pollutant; its contamination of a site
may be constantly renewed, resulting in ecological receptors
experiencing persistent exposure (Vione et al. 2013). Con-
cerns regarding the adverse impacts of exposure to BP-3 on
coral reefs and other marine/aquatic ecosystems have led to
either banning oxybenzone-containing products in marine-
managed areas (e.g. Mexico’s marine ecoparks; Xcaret 2007;
Xel-ha 2007) or public relations campaigns by management
agencies to encourage reduction of environmental contami-
nation of sunscreen lotions by swimmers (e.g. “Protect
Yourself, Protect the Reef” Bulletin U.S. NPS 2012).

BP-3 exhibits a number of toxicological behaviors
ranging from the molecular level to multi-organ system
pathologies (Gilbert et al. 2012). Benzophenones,
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including BP-3, are documented mutagens that increase the
rate of damage to DNA, especially when exposed to sun-
light (Popkin and Prival 1985; Zeiger et al. 1987; Know-
land et al. 1993; NTP 2006). BP-3 produced a positive
mutagenic response by inducing the wmu operon (geno-
toxicity assay Nakajima et al. 2006). Benzophenones, and
especially BP-3, either can act directly as genotoxicants or
become genotoxicants by bioactivation via cytochrome
P450 enzymes (Takemoto et al. 2002; Zhao et al. 2013).
The types of damage to genetic material by benzophenones
include oxidative damage to DNA, formation of cyclobu-
tane pyrimidinic dimers, single-strand DNA breaks, cross-
linking of DNA to proteins, and an increase in the forma-
tion of DNA abasic sites (Cuquerella et al. 2012). Ben-
zophenones also exhibit pro-carcinogenic activities
(Kerdivel et al. 2013). BP-3 can generate reactive oxygen
species, which are potential mutagens, when applied topi-
cally to the skin followed by UV light exposure (Hanson
et al. 2006).

BP-3 is a reproductive toxicant whose mechanisms of
action and its pathological effects are poorly characterized
in various model species. In mice studies, BP-3 exposure
significantly affected fecundity, as well as inducing unex-
plained mortality in lactating mothers (Gulati and Mounce
1997). Studies in both mice and rats demonstrated that
generational exposure to BP-3 reduced body weight,
increased liver (>50 %) and kidney weights, induced a
30 % increase in prostate weight, a reduction in immuno-
competence, and significantly increased uterine weight in
juveniles (Gulati and Mounce 1997; French 1992; Sch-
lumpf et al. 2008; Rachon et al. 2006). In mammals, BP-3
is renowned for having estrogenic and anti-androgenic
activities, causing activation of estrogen receptor proteins
and inhibition of androgen receptors (Morohoshi et al.
2005; Suzuki et al. 2005; Kunz et al. 2006; Molina-Molina
et al. 2008; Nashez et al. 2010). Topical application of BP-
3 to the skin has been shown to be absorbed and transferred
to breast milk, creating risk to breast-fed neonates (Hany
and Nagel 1995). In addition, an association between
exposure to benzophenones and an increased occurrence of
endometriosis in women was recently found by Kunisue
et al. (2012).

In fish, BP-3 actions are similar to those in mammals,
causing an endocrine disruption by modulating estrogen
receptor signaling pathways, inducing reproductive
pathologies, and reducing reproductive fitness (Kunz et al.
2006; Coronado et al. 2008; Cosnefroy et al. 2011;
Bluthgen et al. 2012). Chronic exposure to BP-3 in fish
resulted in reduced egg production, induction of vitel-
logenin protein in males, and a significant reduction in egg
hatchings (Nimrod and Benson 1998; Coronado et al.
2008). These findings raise the possibility of “gender
shifts” in fish exposed to BP-3 during the entirety of their






